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Previewsmechanosensing (Choquet et al., 1997;
Pelham and Wang, 1997), the mecha-
nisms by which this information is trans-
duced to impact downstream gene ex-
pression and stem cell behavior will be
an interesting focus of futurework, as indi-
cated in a recent study of angiogenesis
(Mammoto et al., 2009). In addition, the
lineage analysis in Gilbert et al. indicates
that cell survival is a primarymechanosen-
sitive behavior forMuSCs, and futurework
may elucidate whether the same or dif-
ferent facets of behavior aremechanosen-
sitive in different stem cells. Likewise, the
reportedmicrowell system can be applied
to investigate whether stem cells from
different tissues are sensitive to different
stiffness values or ‘‘set points,’’ as indi-
cated in work with mesenchymal stem
cells (Engler et al., 2006). Furthermore,
this study indicated that soft materials
support MuSC self-renewal, although it is
still conceivable that the MuSCs may
have committed to undergo self-renewal
prior to being placed on the substrate,
indicating that this rich system may
continue to have an impact in future274 Cell Stem Cell 7, September 3, 2010 ª20studies of longer-term self-renewal and
lineage commitment. Finally, Gilbert
et al.’s useof primary cellsmadean impor-
tant step toward addressing in vivo stem
cell mechanosensitivity, and recent inves-
tigation of breast tumorigenesis (Levental
et al., 2009) may help set the stage for
elucidating whether stem cells respond
to mechanical properties within their
niches in vivo. It is possible for example
that both biochemical (Conboy et al.,
2003) and mechanical changes in the
MuSC niche could underlie the decreased
muscle regenerative capacity observed
with organismal aging or disease.
In summary, this rigorous study by
Gilbert et al. not only increases our knowl-
edge of stem cell mechanobiology but
also provides new approaches and
avenues to further establish the biological
significance and biomedical utility of this
expanding field.REFERENCES
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Pluripotency can be induced in somatic cells via ectopic expression of defined transcription factors. In this
issue of Cell Stem Cell, Yang et al. (2010) demonstrate that Lif/Stat3 signaling directly contributes to the
in vitro induction of murine naive pluripotency.The identity of somatic cells can be epige-
netically reprogrammed and forced to
adapt a new functional cell state by
different methods and distinct combina-
tions of exogenous factors. The aspiration
to utilize such ex vivo reprogrammed
pluripotent and somatic cells for thera-
peutic purposes necessitates under-
standing of the mechanisms involved in
cellular reprogramming. Takahashi and
Yamanaka achieved a major break-through by demonstrating that four tran-
scription factors can convert somatic
fibroblasts into ESC-like induced pluripo-
tent stem cells (iPSCs) (Takahashi and
Yamanaka, 2006). Fully reprogrammed
iPSCs share all defining features with
embryonic stem cells (ESCs) including
gene expression and epigenetic patterns,
cell signaling dependence, and develop-
mental potential (Jaenisch and Young,
2008). More recently, it has becomeapparent that the original Oct4, Sox2,
Klf4, and c-Myc combination constitutes
a classical recipe for reprogramming and
that iPSCs can be derived via extensively
modified combinations of transcription
factors (e.g., Oct4, Nanog, Klf4, and
c-Myc; Nr5a2, Sox2, Klf4, and c-Myc;
Oct4, Sox2, Nanog, and Lin28, etc.). After
factor transduction, the somatic cells
are propagated in vitro and a small frac-
tion of the cells give rise to ESC-like
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Figure 1. A Milieu of Extrinsic and Intrinsic Determinants Cooperate in the Maintenance and Induction of the Naive Pluripotent Cell State
Mouse naive ESC-like pluripotent cells can be derived from (1) early developing embryos or via direct epigenetic reprogramming of (2) primed EpiSCs or (3)
somatic cells. Examples of prominent transcription factors and signaling pathways known to facilitate maintenance and/or induction of the naive pluripotent state
are highlighted in gray boxes. The stippled gray horizontal lines describe different cell states (top to bottom: naive pluripotent, primed pluripotent, and somatic cell
states) that can interconvert by different combinations of defined exogenous signals indicated in gray. Note the redundancy and similarity between the exoge-
nous factors required for the in vitro induction and maintenance of the naive ESC-like pluripotent cell state.
Cell Stem Cell
Previewscolonies that begin to randomly appear
10–20 days later (Hanna et al., 2009b).
Throughout the reprogramming process,
the cells are maintained in growth condi-
tions supplemented with cytokines that
are required for the propagation of the
ES-like cells once they are induced (Silva
et al., 2008). Yang and colleagues (Yang
et al., 2010) now substantiate the para-
digm that such exogenous growth factors
not only maintain stable propagation of
newly formed iPSCs but also cooperate
with the ectopic transcription factors and
directly contribute to the induction and
reactivation of the endogenous naive plu-
ripotency network (Figure 1).
Yang and colleagues (Yang et al., 2010)
focused on characterizing the role of
leukemia inhibitory factor (Lif)/Stat3 sig-
naling pathway during mouse iPSC
reprogramming. Lif was originally identi-
fied as an important cytokine that sup-
ports the maintenance of murine naive
pluripotency in vitro via the gp130 signal
transduction receptor that activates Jak
kinases, predominantly followed by acti-
vation of Stat3 transcriptional activator.
Stat3 directly targets the promoters of
several key genes that constitute the
core pluripotency network, including
Klf4 and Nanog (Chen et al., 2008). The
authors set out to assay whether Stat3
activation provides a direct contribution
during the induction of pluripotency by
performing a series of exacting experi-
ments conducted in feeder- and serum-
free defined growth conditions. Toachieve a specific and inducible activa-
tion of Stat3 in somatic cells, a chimeric
engineered Gcsf-R/gp130 Y118F recep-
tor was utilized. This construct combines
the binding domain for the granulocyte
colony-stimulating factor (Gcsf) recep-
tor fused to the transmembrane and a
mutated cytoplasmic domain of the Lif
receptor. The altered intracellular portion
of the hybrid receptor lacks the binding
site for the negative feedback regulator
Socs3 and can signal only via Jak/Stat3
activation (but not through the RAS-
MAPK and PI3K pathways). Thus, Gcsf
stimulation of cells transfected with this
engineered receptor, but lacking expres-
sion of endogenous Gcsf receptor, results
in specific accumulation of transcription-
ally active phosphorylated Stat3.
Direct inducible activation of Stat3 was
initially evaluated in the context of epige-
netic reversion of epiblast stem cells
(EpiSCs) into mouse ES-like cells (Guo
et al., 2009; Hanna et al., 2009a). EpiSCs
are pluripotent cells derived from the
postimplantation epiblast that display
restricted developmental potential in vivo
and that have already initiated inactivation
of one of X chromosomes in female lines
(Nichols and Smith, 2009; Tesar et al.,
2007). Molecularly, EpiSCs exhibit a
gene expression program reminiscent
of the postimplantation epiblast, rather
than the preimplantation inner cell mass,
and have growth properties that distin-
guish them from murine ESCs. EpiSCs
can be epigenetically reverted to ES-likeCell Stem Cell 7, Scells via reintroduction of a variety of
pluripotency-promoting factors and sig-
naling molecules including Klf4, Klf2,
c-Myc, Nanog, inhibition of ERK1/2 sig-
naling, etc. (Guo et al., 2009; Hanna
et al., 2009a). The EpiSC-ESC reversion
system offers an accessible platform for
studying the biochemical and epige-
netic changes that occur during cellular
reprogramming to naive pluripotency.
Taking advantage of this opportunity,
the authors tested Stat3’s contribution to
the epigenetic reversion of EpiSCs into
naive ES-like cells by generating EpiSC
lines transgenic for the Gcsf-R/gp130
Y118F receptor and reverting the cells
via different protocols in the presence
or absence of Gcsf. Remarkably, under
reversion culture conditions, Gcsf-
induced activation of Stat3 gave rise to
naive pluripotent stem cells (Nichols and
Smith, 2009) with accelerated kinetics
and with up to 100- to 200-fold increased
efficiency. Moreover, Stat3 was shown to
prime the EpiSC epigenome for conver-
sion into naive pluripotency. Preinduction
of phosphorylated Stat3 for 24–48 hr
dramatically enhanced the efficiency of
EpiSC to ESC conversion upon transfer
into serum-free conditions supplemented
with small molecule inhibitors of ERK1/2
and GSK3b (termed ‘‘2i’’ conditions) that
promote the naive state of pluripotency.
Interestingly, Stat3 activation did not
result in the immediate induction of its
most well-characterized target genes,
the pluripotency factors Nanog or Klf4,eptember 3, 2010 ª2010 Elsevier Inc. 275
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Previewssuggesting that the contribution of Stat3
in creating a poised state for reprogram-
ming is achieved via regulation of addi-
tional yet-to-be-identified target genes.
Future studies aimed at uncovering the
molecular and biochemical nature of this
primed intermediate state may be highly
relevant for demystifying the black box
of reprogramming.
Smith and colleagues (Yang et al.,
2010) extended these findings further in
different in vitro reprogramming experi-
mental settings. Somatic neural precur-
sor cells expressing the chimeric Gcsf
receptor were generated and shown to
be reprogrammed more efficiently after
exogenous expression of Oct4 and Klf4
when in the presence of Gcsf. Similarly,
the effect of Gcsf-induced Stat3 activa-
tion was analyzed in a partially reprog-
rammed intermediate cell line derived
from embryonic fibroblasts (Silva et al.,
2008). This intermediate line has not reac-
tivated endogenous pluripotency genes
nor silenced the Oct4, Sox2, Klf4, and
c-Myc transgenes. Cooperative action of
Gcsf and 2i accelerated the kinetics and
yielded an 8-fold increase in the efficiency
of generating Oct4-GFP+ cells from the
partially reprogrammed iPSC line. Naive
pluripotent cells derived throughout the
studyshared traits that definenaivemouse276 Cell Stem Cell 7, September 3, 2010 ª20ESCs, includinggeneexpressionpatterns,
cell signaling dependence, activation of
both X chromosomes in female cell lines,
and competence to generate high-contri-
bution chimeric animals (Nichols and
Smith, 2009). Notably, althoughStat3 acti-
vation dramatically facilitated the induc-
tion of pluripotency in the different experi-
mental settings applied, Stat3 signaling
was not found to be a ‘‘roadblock’’ for
this process, because iPSCs did arise,
albeit at reduced efficiency, even when
this signaling pathway was actively in-
hibited via specific small molecules.
The findings reported by the Smith
group (Yang et al., 2010) provide conclu-
sive evidence that exogenous signaling
stimuli and paracrine factors play a direct
role in positively or negatively regulating
the induction of murine naive pluripotency
(Figure 1). Further, these results corrobo-
rate recent reports that characterized the
involvement of different signaling path-
ways in regulating ESC growth and iPSC
reprogramming (Hanna et al., 2009a; Silva
et al., 2008) and collectively underscore
striking redundancy and similarities
between the determinants involved in (1)
maintaining naive pluripotent cells in vitro
(ESCs or iPSCs) and inducing naive pluri-
potency (2) in somatic cells or (3) in primed
EpiSCs (Figure 1) and provocatively insin-10 Elsevier Inc.uate that themolecular pathways and rate
limiting step underlying these processes
(Hannaet al., 2009b)maybehighly similar,
if not identical.
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Although hematopoietic stem cells (HSCs) reside in hypoxic niches, the significance of hypoxia signaling in
HSCs remains unclear. In this issue of Cell Stem Cell, Takubo et al. (2010) and Simsek et al. (2010) demon-
strate that hypoxia regulates the metabolic state of HSCs and protects their integrity by controlling HIF-1a.Multipotent hematopoietic stem cells
(HSCs) reside in niches within the bone
marrow (BM) and have a unique capacity
to sustain life-long multilineage hemato-poiesis (Orkin and Zon, 2008). HSCs
face tightly orchestrated cell fate deci-
sions between quiescence, self-renewal,
apoptosis, and differentiation. Althoughthe precise integrated mechanisms that
underlie HSC fate decisions are poorly
understood, it is generally accepted that
their choices are regulated by both
